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Abstract: It is widely acknowledged that transitions towards a circular economy (CE) are based on the 
complementary development of circular business models and design strategies. One strategy to 
enhance the lifetime of products is modular design. Concepts for modular product designs have been 
around for a long time, but it was only with the rise of the CE debate that they have been linked to more 
sustainable consumption patterns. Much research on modular designs has focused on smartphones, 
as they are considered to be a suitable product to make use of the advantages derived from modular 
designs. Still, there currently is little research that looks at how modular design strategies fit into 
people’s existing daily practices and media ensembles let alone the competences and knowledge 
needed to do so. This paper presents new empirical evidence gathered through in-depth interviews with 
people about their daily practices with their smartphone and modular design strategies. We discuss 
opportunities for modular smartphone designs and related product service systems. Our results show 
that issues of convenience and optimisation play a key role when establishing domestic media 
ensembles in people’s daily lives where the reliability and ease of use of people’s smartphones are 
crucial. These meaning present challenges for an integration of modular smartphones into everyday 
lives. Modular strategies as part of transitions towards CE cannot be enabled through products and 




A modular smartphone within a 
circular society    
It is widely acknowledged that transitions 
towards a circular economy (CE) are based on 
the complementary development of circular 
business models and design strategies (Stahl 
2016; Agrawall and Bellos 2016; Bocken et al. 
2017). Among the prominent design strategies 
are modular product architectures that break 
products down into components that can be 
independently and easily replaced or reused 
(Agrawal and Ulku 2013; Proske et al. 2016). 
Modular product designs have been around for 
over 50 years (Starr 1965). In the beginning, it 
was mainly considered to be an opportunity to 
decrease lead times in the production process, 
and later, it became a means to offer 
customised products to the masses. It was only 
with the rise of the CE debate that modular 
product designs have been linked with more 
sustainable consumption patterns. From the 
perspective of producers and manufacturers, 
modularity allows an extension and 
simplification of services, since modules can be 
replaced more easily in case of malfunctions 
and/or upgraded in case of changing customer 
needs or technological advancements.  
Much research on modular product designs 
focuses on smartphones. Smartphones are 
considered a suitable product to make use of 
the advantages derived from modular designs. 
They offer a wide functionality spectrum that 
can be translated into independent modules or 
components. Surveys have shown that 
smartphones are used on average no longer 
than two to two and a half years (Jaeger-Erben 
and Hipp 2018; Wieser and Troeger 2017). 
Most smartphones still work when being 
replaced (Jaeger-Erben and Hipp 2018). Due to 
these relatively short replacement cycles, the 
lifetime of the overall smartphone could be 
lengthened if only modules are being replaced 
and contribute to transitions towards CE. 
The history of concepts of modular 
smartphones is mainly focused on design and 
technological developments, with Phonebloks 
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and Google ARA as prominent examples. 
Questions about whether people who use 
smartphones would make use of phones that 
are easy to repair and upgrade are never really 
reflected upon. From our point of view, 
understanding existing practices with 
smartphones is key to developing notions of 
modularity as a sustainable design strategy and 
business model options for a CE. Even more 
so, we consider transitions to be not mere a 
question of new business models and design 
strategies, but also a fundamental 
reorganisation of practices and processes i.e., 
considering everyday social changes towards a 
‘Circular Society’. 
But how do everyday practice, including people 
competences and meanings around 
smartphones need to develop for modular 
designs to be integrated into people’s lives? 
This question goes beyond a mere examination 
of the public acceptance of modular 
smartphones. Modular devices not only require 
users to accept the smartphone but also 
specific competences and skills (e.g., 
knowledge of repair and upgrade options), 
values (e.g., desire to keep the phone for long 
periods), and willingness for more frequent 
interactions with product service providers.  
Proske and Jaeger-Erben (2019) have 
discussed the relations between different types 
of modularity and people’s use patterns and 
potentials for prolonging the use time of 
products. They have described four different 
types of modularity focused on functionality 
aspects: maintenance that allows easy repair; 
adaptation, which allows for customisation and 
a better fit to people’s needs; upgradability that 
enables a replacement of components; and 
expandability that makes it possible to add new 
components. All four forms of modularity have 
the potential to increase the longevity of a 
device, since components can be replaced or 
added instead of buying a completely new 
product. 
In this paper, we investigate the role of 
modularity in existing smartphone practices and 
delve into some empirical examples of how 
people live with their smartphones in everyday 
life.  
	
Smartphone use in everyday life and 
associated sustainability issues   
The use of smartphones in everyday life has 
been the topic of several research disciplines 
and areas: media and communication studies, 
anthropology, human computer interaction, 
design and psychology just to mention a few.  
Scholars from media and communication 
studies have argued that the smartphone ‘is not 
itself a medium but is instead a convergence 
point for a wider range of media’ (Farman 
2016:4), allowing for diverse uses and research 
topics to be examined from smartphone 
application use (e.g., Boehmer et al. 2011) to 
texting practices, asking who texts and with 
whom (Ling et al. 2012). Some of these studies 
are not only about how often and how 
smartphones are being used, but also the 
changing experiences and organisations of 
everyday day life and associated interpersonal 
relations (e.g., Brown et al. 2002; Katz and 
Aakhus 2002; Baym et al. 2004; Lapierre and 
Custer 2020). For example, Ytre-Arne et al. 
(2020) have examined how people manage and 
experience time through their smartphone. 
They have found that although smartphone 
promise to make some everyday tasks more 
efficient, this is not always straightforward to 
achieve in everyday life as strategies for time 
management need to be implemented that 
have to overcome several temporal conflicts 
(Lohmeier et al. 2020; Ytre-Arne et al. 2020).  
Similarly, a group of anthropologists have 
conducted ethnographies into the impacts of 
smartphones on the experience of mid-life 
(Miller et al. 2021). They have argued that the 
smartphone’s capacity to be smart does not 
derive from their design and production, but 
rather how they come into being through people 
configure their phone through applications and 
settings and the phone’s ability to learn about 
its user over time (based on algorithms). As 
outlined in a recent book description, the 
authors have highlighted that ‘smartphones 
have become as much a place within which we 
live as a device we use to provide ‘perpetual 
opportunism’, as they are always with us’ (Miller 
et al. 2021). The smartphone is not just a device 
that provide people access to different 
applications, etc., for example, for some people, 
‘it has brought back the extended family and old 
friends and helped resolve intergenerational 
conflicts through facilitating new forms of 
grandparenting’ (Garvey and Miller 2021).  
In addition to the above literature derived from 
media studies and anthropology, research 
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studies have emerged that examine strategies 
and ways towards a more sustainable use of 
smartphones. Studies have looked at, for 
example, replacement cycles (e.g., Wilson et al. 
2016; Wieser and Troeger 2017), energy 
consumption when using smartphones (e.g., 
Tarkoma et al. 2014), including practices of 
charging and managing power (Horta et al. 
2016), phone hibernation reasons (Wilson et al. 
2017), and sustainable product service systems 
(e.g., Hobson et al. 2018). Short replacement 
periods have been considered to be one of the 
core issues when examining the sustainable 
use of smartphones, which have instigated a 
small number of studies into the product 
replacement, repair/ maintenance and reuse of 
phones (see Wieser and Troeger 2017 for an 
overview). Since 2015, replacement cycles 
have steadily become longer over the years, 
from 23.8 months in 2014 to 33.6 months in 
2020 (Statista 2021). Reasons for this increase 
have been argued to be a move away from 
smartphone contracts, mature markets and 
higher prices (see also Wieser 2021). Still, most 
smartphone are being replaced before their 
useful lifetime.  
The starting point for most studies surrounding 
sustainability issues are people’s motivations 
and attitudes about particular aspects linked to 
the more sustainable use of smartphones, for 
example, would people like/ accept an easy to 
repair smartphone and would they use a repair 
shop if the price would not be too high. This 
paper aims to slightly move away from these 
investigations and is an attempt to bring into 
conversation the literature on the domestication 
of smartphones into people’s everyday life i.e., 
changing people’s everyday routines and 
relationships with the literature on the more 
sustainable use of smartphones, in particular, 
possibilities for modular smartphones. It 
therefore first asks ‘what is the smartphone’ and 
‘what types of everyday practices are 
associated with it’ before returning to the 
question of sustainable use.  
 
Researching people’s daily 
practices with their smartphone  
To collect data for our research, in-depth 
interviews with people and their smartphone 
were carried out between August 2019 and 
August 2020. The selection of interviewees was 
based on theoretical sampling; that is, 
categories about possible contrasting use 
patterns of smartphones were continuously 
tentatively developed, discovered, and refined. 
The interview guide was broadly based on five 
themes: daily practices linked to the 
smartphone, a tour of people’s smartphone 
(show and tell), smartphone set in wider media 
ensemble in people’s homes, norms and 
meanings attached to smartphones, and 
modular smartphones. A total of 24 interviews 
were analysed based on interview transcripts, 
open coding and constant comparison, using 
the ATLAS.ti qualitative analysis software. We 
drew on the grounded theory principle of 
constant comparison (Straus and Corbin 1990) 
and rules for an empirically grounded type 
construction (Kluge 2000). Our examination 
should be considered as a first step to typology 
of people and their smartphone to be able to 
discuss the potentials of the integration of 
modular smartphones into people’s daily life. In 
the next section, the initial constructed types 
are described by means of their combinations 
of attributes as well as their meaningful 
relationships.  
	
Empirical findings: People and their 
smartphone in everyday life  
 
This section outlines our initial empirical 
findings, by introducing a typology of people 
and their smartphone in everyday life. Overall, 
we identified seven types, but for this paper we 
describe three tentative types based on how 
people live with their smartphones. Rather than 
claiming that all empirical examples within one 
category are equal, what is claimed is that 
certain empirical examples fit more neatly with 
one analytical category (thus one type) than 
with another (Collier et al., 2008). 
Thriftiness & distant  
Barbara is a writer in her late 30s. She lives with 
her husband and two children. She uses her 
smartphone for her work and private life, as she 
mainly works from home. Barbara does not feel 
that she uses her smartphone a lot, often 
leaving it at home. She does not tend to use the 
smartphone’s full capacity because she tries to 
limit the number of functions that are actually in 
use. Barbara attempts to use her smartphone 
as long as possible. Her current use patterns 
are representative of thriftiness and distance. 
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As part of Barbara’s usual daily routines, she 
does not pick up her phone until she sits down 
and starts working in her home office. 
Overnight, Barbara prefers to not have her 
smartphone on her bedside table. She does not 
regularly know where she has left it the day 
before and has to look for it in the morning. On 
a usual workday, she needs to spend about an 
hour on her smartphone. Her usage increases 
if she has to leave her home office and, for 
instance, meet someone. This is when Barbara 
makes use of some of the other functions on the 
phone, such as looking at maps or listening to 
some music. During her spare time, Barbara 
regularly misses calls and messages, or her 
battery runs out without her noticing. Although 
she does not feel reliant on the phone, she still 
has several applications on her phone so that 
she can communicate with friends and family; 
more easily travel via public transport; take 
pictures and record videos; and keep up to date 
with the news, time, and weather. 
Barbara mainly makes use of some of the basic 
functions of her smartphone such as the 
address book, messaging service, 
communication tools, camera, and World Wide 
Web. She added one or two other applications 
that are relevant for her daily travel, that is, 
public transport and map applications. Barbara 
occasionally uses the pre-installed newsfeed 
and weather forecast. More recently, she 
discovered an application that allows her to 
stream music onto her smartphone, which, 
since then, she has appreciated very much. 
She uses Bluetooth to connect to her external 
loudspeaker. A few of the applications that she 
downloaded Barbara no longer uses, such as a 
mediation app. Barbara keeps a paper-based 
diary because she is too worried about losing 
the entries of a digital version.  
Barbara purposefully does not make her 
smartphone a ‘personal all-in-one medium.’ 
Although Barbara enjoys some of the 
conveniences the phone provides, including 
making it easier to get around, she does not 
want to become dependent on the phone for her 
everyday life. A modularity that would allow her 
to be able to ‘adapt’ her phone (to downsize it 
to a few functions) could potentially work for this 
frugal user. This would be a smartphone that 
can be customized to people’s needs and does 
not use up much storage so that the frugal user 
can keep it for longer. A modular phone that can 
be easily ‘maintained’ would also fit the frugal 
user. Such a maintenance and adaptability form 
of modularity would be grounded in people 
using only a limited number of functions and a 
low dependency on the phone for everyday life 
activities, including the willingness of the 
person to look after it to be able to prolong the 
phone’s useful life. 
Overwhelm & reliance  
Nicole is a senior consultant who is in her 40s 
and lives with her partner and young child in a 
two-bedroom house. She owns her own private 
smartphone and received an additional one 
from her workplace. Nicole often feels 
overburdened by the number of smartphones 
on offer and their settings, functions, and 
applications. Nicole could develop the 
competences to understand her smartphone 
better, but for her, it is sheer ‘laziness’ that 
stops her from engaging more deeply with the 
phone. 
When Nicole talks about her daily smartphone 
use, it becomes apparent that it plays an 
integral part of her daily life. The smartphone is 
her alarm clock and weatherman several times 
a day. It also helps her to organise her private 
life through sharing diaries and note-taking 
applications with her partner and using 
communication apps to make ad-hoc childcare 
arrangements. She also keeps in touch with 
friends and family who live abroad. Her 
smartphone is connected to her laptop. This 
way, she can use the communication 
applications on her smartphone and laptop. In 
the office and at home in the evening, the 
smartphone becomes an entertainment device 
by playing music, podcasts, and the evening 
news. On the weekend, she likes to take photos 
with her smartphone, films her guitar teacher so 
that she can copy the songs at home, and 
sometimes uses it to look up recipes to cook 
dinner. Nicole still likes to use her digital camera 
to take some pictures rather than using the one 
on her smartphone. 
Nicole’s daily life with her smartphone makes 
apparent how the smartphone has become a 
device that has converged different 
technologies, such as alarm clocks, diaries, 
television, camera, and cookbook. This does 
not necessarily mean that the smartphone has 
replaced these devices. Nicole still owns a 
watch, physical diaries and cookbooks, a large 
screen on which she and her partner watch 
television, and digital cameras. The 
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smartphone has not necessarily reduced the 
number of devices at home but rather changed 
some of her daily practices.  
The smartphone is not only a device in itself, for 
instance, allowing us to phone a friend, but also 
an intermediary, connecting different digital 
devices (e.g., playing music from the 
smartphone through the stereo) and facilitator, 
allowing for varying practices to emerge (e.g., 
keeping a digital diary). This connectivity and 
facilitation often only become visible if 
something no longer works on the phone. 
Nicole has replaced her smartphone whenever 
the storage capacity was full, and some 
software updates were no longer possible to be 
able to keep the ‘functionality’ of the phone 
going. It might be possible to suggest the more 
connections and facilitations exist, the more 
vulnerable the smartphone becomes to losing 
its functionality. Although Nicole seems to rely 
on her smartphone to carry out her daily life, 
she is not willing to spend a lot of time 
maintaining her phone. Any form of modularity 
might overburden this type of user. 
Maintenance and upgradability that are 
delivered through a service rather than purely 
through the design of the smartphone could 
potentially attract this type of user to modular 
smartphones. 
All-round & enthusiasm  
Natalie is a head of educational counselling and 
in her late 40s. She lives with her husband and 
two children in a flat in a small town. She owns 
several digital devices and currently uses a 
laptop, tablet, and two smartphones; that is, she 
sometimes switches between the two. 
Natalie regularly reflects on her media 
ensemble (i.e., different types of electrical 
devices) at home and how she could reduce it 
and/or optimise its use. The tablet probably 
enables most of her digital activities: watching 
sports, listening to the radio and audio books, 
looking up the news, and planning family 
projects. Although her smartphone can provide 
the same functions, she prefers to use the tablet 
at home, as it has a larger screen. Still, every 
now and again, one of her children takes the 
tablet, and she has to revert back to using the 
smartphone. The size and mobility of phones 
mean that whenever they go on holiday, Natalie 
is glad to have it. She can upload applications 
that allow her to organise public transport, 
theatre, cinema, exhibitions, and travel on her 
smartphone. This is straightforward because 
she has already set them up in a cloud system 
and is regularly able to load them on her 
smartphone and take them off again if she no 
longer needs them for a while. During holiday 
trips, her smartphone becomes a ‘multi-
functional tool’ for her and the family. She does 
not really need this type of tool during everyday 
life. If she could have one rather than four digital 
devices, this would really help her to ‘structure’ 
her life. 
Examining more closely Natalie’s ways of 
organising her applications on the smartphone 
and connectivity between devices, the ‘all-in-
one device’ seems to be hidden within her cloud 
system. She has tried to change her operating 
system several times because she does not 
believe in the companies’ values of her current 
system. Even though she spent several hours 
on it, Natalie was unable to create the same 
connectivity between devices that allowed her 
to sync all of her data across them. With her 
current operating system, the cloud somehow 
becomes a spatial device that holds all of the 
information that can be uploaded and taken off 
several physical devices. These physical 
devices are like ‘empty shells’ that are being 
filled with data by cloud systems. They become 
exchangeable because any device can hold 
this information if it has the needed storage 
capacity. Finding this ‘all-in-one device’ seems 
to be a project, where Natalie constantly 
changes her media ensemble over time, re-
introducing devices that have no longer been in 
use (i.e., the television), swapping devices (i.e., 
two smartphones), and buying new ones (i.e., 
new smartphone). 
Natalie’s search for optimisation seems to be 
grounded in sometimes reducing the number of 
devices, making one device the main one, and 
creating a cloud system that smoothly links and 
syncs all of her devices whilst at the same time 
protecting the amount and types of data that are 
being shared with the outside world within the 
family home. Although Natalie has repaired and 
upgraded the battery on one of the 
smartphones (i.e., applying the maintenance 
and upgradability modularity), this has not really 
prolonged the useful life of the smartphone. 
This is her second smartphone that she gets out 
every now and again. The phone has a different 
operating system to the other phone, and the 
cloud system does not work as well on it. For 
Natalie, the non-connectivity to her existing 
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cloud system makes the smartphone not 
particularly user friendly. She therefore only 
uses it occasionally. A mixture between 
adaptation modularity, which allows for 
customisation and a better fit to the consumer 
needs at the time of purchase, and 
expandability modularity, which makes it 
possible to add new components, could be a 
technological development that might help to 
prolong Natalie’s smartphone’s useful life. This 
would also require her to finally find her ‘all-in-
one device’ so that the functions on the other 
devices could be reduced, keeping functions 
and application on the devices relatively stable. 
 
People living with smartphones in 
everyday life and reflection on 
modular smartphones 
The comparison of the three contrasting forms 
of living with a smartphone reveals a diversity 
of meanings, competences, and material 
arrangements that are associated with 
smartphones in everyday life. Growing old with 
your smartphone does not seem to be a 
straightforward process in everyday life, seeing 
that the technological design of modular 
smartphones does not seem to be able to keep 
up with the ‘conviviality’ of the smartphone. Our 
findings show that the thriftiness & distant type 
would benefit from maintenance and 
adaptability modularity, whereas the all-round & 
enthusiasm type would value expandability 
modularity. The overwhelm & reliance type 
would potentially feel overwhelmed by all types 
of modularity, but a service model that provides 
maintenance and adaptability modularity could 
be an attractive way forward. Still, it is unclear 
whether these types of users and linked forms 
of modularity would actually prolong the useful 
life of smartphones. Natalie’s example shows 
that although one of her smartphones is easily 
repairable and upgradable, its life is not 
necessarily prolonged. She does not consider it 
‘user friendly’ and uses her second smartphone 
most of the time because it allows for 
connectivity, whereas the easy-to-repair-and-
upgrade phone only comes out of the drawer 
every now and again. 
Even though a thriftiness & distant type might 
use the smartphone less frequently and limit the 
number of functions and applications on the 
phone (see Barbara’s description), the 
utilisation of adaptability and maintenance 
modularity to promote sufficient use might not 
be straightforward. Similar to the other user 
types, the thriftiness & distant user still 
discovers new functions and applications (such 
as streaming music) on the phone over time, 
whereas other ones (such as the meditation 
application) become irrelevant. A customised 
phone (linked to adaptability modularity) 
requires the user to be extremely reflective 
about their existing and potential future 
practices that are enabled by the smartphone to 
prolong the customisation and associated use 
as long as possible. Although digital 
technologies such as smartphones are not 
neutral, notions of longevity and sustainability 
are not inherent in them (even if these are 
modular smartphones). These technologies get 
interpreted and adapted into existing patterns of 
people’ everyday life. How people use and live 
with their smartphones is deeply embroiled 
with, for instance, existing digital 
infrastructures, media ensembles, family 
relations, and changes to work situations and 
lifestyles. The developments towards an 
increasing ‘conviviality’ of use patterns and 
integrated designs of smartphones do not 
necessarily make it straightforward to introduce 
different types of modularity to prolong mobile 
phones’ useful life. 
Thus, a smooth transition from a presently 
rather unsustainable use of the static 
modularity of a smartphone towards a 
sustainable consumption and CE-enabling use 
of a dynamic modularity seems very unlikely. 
We will discuss the implications of our results 
so far in the last section. 
 
Discussion & conclusions  
Even though our findings are part of an ongoing 
research project that needs to be further refined 
and validated, we can draw some initial 
conclusions that are relevant to future research 
on transitions towards a CE. 
Our results show that the sociotechnical 
developments of mobile phones over time have 
been signified by integrated technological 
designs (rather than interchangeable, i.e., 
modular, ones). Mobile phone parts, such as 
batteries, which could be easily replaced a few 
years ago, are now integrated into the mobile 
phone design where only experts can change 
the parts when they no longer function. At the 
same time, smartphones have taken on more 
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and more functions of other everyday objects 
(e.g., alarm clocks, newspapers, and stereos), 
that is, media convergence, allowing for a 
performance of multiple daily practices. The 
convergence of functions and applications is 
not the whole story when examining 
smartphones in everyday life. Miller (2020) has 
argued to consider the smartphone ‘convivial,’ 
allowing people to choose from several 
possibilities of how they want to communicate 
with others, compose thoughts, plan the day, 
and entertain oneself through the device, that 
is, media deconvergence. Although this 
conviviality goes along with notions of modular 
smartphones that adapt to people’s lives, our 
findings have shown that the idea of 
smartphones growing old with their owners 
does not seem to be easily transferred into 
everyday life. Forms of modularity might by no 
means be clear-cut strategies for a CE. 
An additional issue that arises from our 
investigation is about roles and responsibilities 
taken by different actors within the CE. 
Examining the sociotechnical development of 
smartphones over time, the increasingly 
integrated technological design features 
become visible, raising questions about 
smartphones’ reparability, compatibility of 
parts, availability of software updates, and so 
on. Regulations that counter some of these 
market developments in terms of eco-design 
requirements or standardisation of components 
could be considered when discussing 
extensions of smartphones’ useful life. Easy 
and affordable replacements of screens and 
batteries can prevent some early product 
replacements. Recent activities by the ‘right-to-
repair’ movement advocating for people being 
able to fix their electronic products (including 
smartphones) draw attention to producers’ 
responsibility of creating more sustainable 
smartphones. These developments might be 
steps towards normalising the prolonged use of 
smartphones in everyday life, moving towards 
a more CE. 
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